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INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral, gram-negative, microaerophilic and fastidious microorganism. This bacterium exhibits two to six helix flagella, it grants high motility and support for penetrating the human gastric mucosa (1, 2) . The prevalence of infections by H. pylori is highly variable, owing to its geographical distribution and host's ethnicity, age, sex and socioeconomic factors (3) . It is estimated that half of the world's population is infected by this organism (1) . Indeed, infection rates are significantly lower in the developed countries (20%) compared with locations where sanitation conditions are underdeveloped (4) . In Brazil, the prevalence of H. pylori infection can range up to 90% in more impoverished areas (5) . These indices are higher in older populations and are region specific, which confirms that economic status and hygiene are risk factors for H. pylori infection (6) .
Prevalence of Helicobacter pylori infection in dyspeptic patients and its association with clinical risk factors for developing gastric adenocarcinoma
The exact transmission mode of this bacterium remains to be understood. However, it is known that this organism colonizes the gastric mucosa, suggesting that the infection occurs through the gastro-oral, oral-oral, fecal-oral routes (1, 7) or by zoonotic transmission. For instance, domestic flies have zoonotic potential mainly due to its contact with decomposing organic matter and contaminated feces, which supports their proliferation to subsequently infect humans, animals and plant hosts (8, 9) . The risk factors for H. pylori infection are sex (10) , age (11, 12) , smoking (13) , alcohol consumption (14) , contaminated food (12) , untreated water intake (5) , family size (15) , bed sharing (16) , poor living conditions in childhood (17) , educational (13) and socioeconomic level (18) , hygiene (19) , and family medical history of gastric disease (11) . H. pylori infection is primarily observed in children and may remain asymptomatic until adulthood (20) . At this stage, the infection provokes abdominal pain (5) , anorexia (21) , gastrointestinal bleeding, and antral modularity (16) .
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The development of gastric pathologies is directly associated with H. pylori infection, which induces mild to moderate gastritis (5) , gastroenteritis and peptic ulcer (10) . These conditions often lead to intestinal metaplasia (22) , and gastric cancer (23) . Therefore, in 1994, H. pylori was classified as Group 1 carcinogen for Gastric Adenocarcinoma by the IARC (24) . Gastric adenocarcinoma accounts for 90% of gastric cancer cases (21) . This cancer type represents a significant health issue, being the fourth most common malignant tumor and the second largest cause of cancer related deaths (25) . The diagnosis of gastric adenocarcinoma is rarely detected at early stages. Consequently, most patients exhibit metastatic lesions when first diagnosed (26, 27) . If untreated, 63% of cases progress to incurable disease within five years (24) . Gastric cancer screening consists of two phases, namely primary prevention (identifying possible risk factors) and secondary screening method (early detection) (28) . In Japan younger than 20 years are screened with primary prevention methods to identify and treat H. pylori infection. On the other hand, individuals aged 50 years or more are tested with the combination of the two method through endoscopic examination. Since its implementation in 2013, this plan significantly reduced the incidence, mortality and annual cost for gastric cancer treatment in Japan (29) . By determining the relevance of preventing H. pylori infections for public health costs, this study aimed to investigate the prevalence of this organism in dyspeptic patients. Moreover, we aimed to evaluate the link between the infection and clinical risk factors for gastric cancer development. Our findings may contribute to emerging public prevention and treatment policies for cancer in Brazil.
METHODS

Ethical considerations
The study protocol was approved by the Research Ethics Committee of the University Hospital (CAAE): 83422017.7.0000.5078, published under the number 2.519.032, according to the Resolution CNS 196/96. All patients enrolled in this study signed an Informed Consent Form.
The age bar for patients enrolled in the study was above 18 years. Subjects treated with proton pump inhibitors or blocking agents (one week before endoscopy) and immunosuppressants or antibiotic (eight weeks before of endoscopy) were excluded from our study. Moreover, we also excluded individuals presenting active gastrointestinal bleeding, pregnancy and those with inability to undergo endoscopy.
Patients
Were investigated 113 dyspeptic patients submitted to endoscopic examination at the University Hospital. During the endoscopy three fragments of the antrum and the gastric body of each patient were collected. One fragment was submitted to molecular diagnosis (polymerase chain reaction -PCR), and the other two were submitted to histopathological examination.
Risk criteria
The endoscopy results were stratified according to the risk of developing gastric adenocarcinoma. Patients exhibiting gastric atrophy and intestinal metaplasia were classified as high risk for gastric cancer diagnosis. Conversely, patients with normal endoscopy result, esophagitis, duodenitis, gastritis, ulcer, and xanthelasma (30) were categorized as low risk.
DNA extraction
DNA extraction was performed at the Laboratory of Biotechnology of Microorganisms of the Federal University of Goiás through KitQIamp DNA minikit ® (Qiagen, Valencia, CA, United States). Ten μL aliquot of each sample were used for DNA quantification and purity analysis with NanoDrop ® (ND-1000 UV-Vis).
PCR
Genomic DNA was amplified by PCR following previously described protocols by Nevoa et al. The amplified products were analyzed by electrophoresis on 1.6% agarose gel stained with ethidium bromide (10 mg/mL). Fragments with 150 base pairs were considered positive for the HpX/HpX1 PCR primers.
Data analysis
The biopsy results and PCR amplifications were analyzed by descriptive statistics, Chi-square test (χ 2 ), and Pearson Contingency test (P<0.05 and 95% Confidence Interval). The analysis was performed through IBM SPSS (Statistical Package for the Social Sciences) version 25.0.
RESULTS
From the 113 investigated dyspeptic patients, 89 (78.8%) were women, and 24 (21.2%) were men. According to histopathological examination, the patients were often diagnosed with multiple outcomes in the endoscopy report (n=155). From the 113 subjects, 77 patients had only one outcome and the remaining 36 exhibited two to four outcomes. We found that 83 (53.5%) patients had gastritis, 16 (10.3%) patients had esophagitis, 16 (10.3%) had duodenitis, and 13 (4.8%) presented gastric atrophy. An additional observation was that intestinal metaplasia, gastric or duodenal ulcer, gastric adenocarcinoma and xanthelasma were found in 2.6%, 1.9%, 1.2%, and 0.6% of patients, respectively. Lastly, 17 (12.4%) patients presented with normal biopsy results. (FIGURE 1 ). Excluding the two diagnosed cases of cancer, 96 (86.5%) patients were classified as having low risk and 15 (13.5%) as high risk for developing gastric adenocarcinoma (n=111) (P<0.0001) (TABLE 1) . Through PCR, we detected H. pylori infections in 75 (66.4%) of the investigated patients. On gender basis, 59 (78.7%) were women and 16 (21.3%) were men. The data also depicted that 92% of infected patients were older than 44 years, confirming this age group, was the most prone to infections (61.1%). Despite these numbers, we did not detect a statistically significant relationship between H. pylori infection and gender, age, educational level, and endoscopy diagnosis (TABLE 2) .
Lastly, we verified the associations between H. pylori status determined by PCR and the risk for developing gastric adenocarcinoma in 111 patients. From the 73 (65.77%) infected patients, 6 (8.2%) had a high risk and 67 (91.8%) had a low risk of developing gastric cancer. This difference in developing gastric adenocarcinoma between infected and non-infected patients was statistically significant (P<0.05) (FIGURE 2).
DISCUSSION
An increasing prevalence of H. pylori infection has been observed in developing countries, such as Brazil (3) . The infection prevalence in dyspeptic patients examined at the University Hospital was 61.1%, which is in keeping with the infection rate data from other Brazilian states (31, 32) . The inflammatory process resulting from durable bacteria exposure in the gastric mucosa is directly related to the development of gastric cancer (20) . In this study, the presence of the bacteria was detected mainly in patients older than 44 years, showing that growing trend with age as a potential risk factor. This observation suggests that long-lasting periods of exposure to H. pylori may provoke tissue damage. An association of infection with the development of gastric adenocarcinoma was identified in this study (33) . However, no significant associations were found regarding sex, age, endoscopy diagnosis (34) and educational levels (5) . Our study cohort was primarily composed of patients with low levels of education since the population served by public health system exhibit lower socioeconomic conditions (35) . H. pylori positive patients showed a higher frequency of gastritis (67.5%) compared with uninfected patients (32.5%). Depending on the severity and distribution of gastritis, the infection may result in hypo or hyperchlorhydria. Therefore, H. pylori infections are linked premature development of gastric and duodenal ulcers, which may progress to gastric adenocarcinoma (36) . According to the risk criteria, 52.3% of patients were classified as having high risk developing gastric adenocarcinoma; of these, 8.2% were infected by H. pylori. Other risk factors, such as smoking and alcohol consumption are facilitators of H. pylori infection and consequently decrease the carcinogenesis threshold (30) . Thus, it is inconclusive whether the results for risk stratification may determine the likeliness of a patient developing gastric cancer, even if this infection is a determinant factor in 60 to 70% of cases (29) . The prevalence of gastric adenocarcinoma in this study (1.3%) is in accordance with the low percentages found in other institutions in Brazil. In Teresina (Piauí State), Campelo (37) .
CONCLUSION
This study identified high rates of H. pylori infection in a cohort from Brazil. The findings suggest that these infections are of clinical relevance for gastric adenocarcinoma development. In this scenario, there is an urgent need for implementing public policies and effective clinical prevention practices aiming at (a) controlling the transmission of H. pylori (b) avoiding long-term risk gastric malignancy development and (c) reducing public health system costs.
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